We establish a phase diagram for the electron-doped manganites Ca 1−x Sm x MnO 3 ( 0 ≤ x ≤ 0.15). The low temperature insulating phase of x = 0.15 is a mixed antiferromagnet with two long range antiferromagnetism, C-type (monoclinic) and G-type (orthorhombic), coexisting with short range ferromagnetic clusters (orthorhombic). Resistivity (ρ) and magnetization (M ) of x = 0.15 show unusual magnetic field history dependent phenomena which are not observed for x ≤ 0.12: irreversibilty between zero field-cooled (ZFC) and field-cooled (FC) data below 120 K and hysteresis between cooling and warming for all values of magnetic fields (0 ≤ H ≤ 7 T). Field cooling strongly enhances M (M F C /M ZF C = 2.7 at H = 5 T and 10K) reduces ρ (ρ F C /ρ ZF C =1.5×10 −4 at 7 T and 10 K) and even induces metallic-like resistivity (dρ/dT >0) for H = 7 T below 80 K. We discuss the possible origins of the results.
mains found experimentally appears to be connected with structural phase separation 5 .
Most of the existing reports are on hole-doped (Mn 3+ rich or x ≤ 0.5) compounds [1] [2] [3] . An interesting type of phase separation occurs in the electon-doped Ca 0.85 Sm 0.15 MnO 3 . It is paramagnetic and single phase with orthorhombic (Pnma) structure at 300 K, but it phase separates into two long range antiferromagnetic phases, G-and C-types below 130 K and coexist with each other in orthorhombic (Pnma) and monoclinic (P2 1 /m) structures respectively down to 5 K 6 . Interestingly, this particular composition of mixed antiferromagnet showed the highest magnetoresistance in the series Ca 1−x Sm x MnO 3 7 . The origin of colossal magnetoresistance in this compound is not understood yet. In this communication we bring out anomalous magnetic field history dependent behavior of resistivity and magnetization in x = 0.15 and contrast our results with lower doping (x) levels. We also establish the magnetic phase diagram for the first time.
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Four probe resistivity measurements in the temperature range from 300 K to 5 K up to the maximum field of H = 7 T was done using Quantum Design Physical Property Measuring system. Magnetization up to H = 5 T was done using Quantum Design SQUID magnetometer in the temperature range 300 K-5 K. Measurements were done in three methods: in the zero field cooled (ZFC) and field cooled (FC) modes, the sample was cooled from 300 K to 5 K rapidly (10 K/min) in absence of external magnetic fields and in presence of a known field (H) respectively and the data were taken while warming (2 K/min) from 5 K. In the thermal cycling under magnetic field (TCUF) mode, the sample was subjected to a known field (H) at 300 K and the data were collected while cooling down to 5 K and warming back to 300 K at a rate of 2 K/min. although not done in a systematic way as done here, confirms monoclinic to orthorhombic tranformation whose fraction also depends on the temperature and the strength of external magnetic field 12 .
In the absence of any theoretical models dealing with such exchange biasing relevant to manganites, we borrow our ideas from the random field model of Imry and AF matrix into domains due to random field effect [13] [14] [15] . Then, domain walls in which spins
are not exactly antiparallel along with the expanded FM regions in the orthorhombic phase constitute least resistance path for electrical conduction and resistivity decreases. As the external field increases above 4 T, a partial structural transformation from monoclinic, C-type antiferromagnetic to orthorhombic (ferromagnetic) also takes place. Our neutron diffraction results 12 suggest that a complete monoclinic to orthorhombic structural transformation occurs at T = 100 K and H = 6 T but the transformation is only partial at low temperatures(60 % monoclinic and 40 % orthorhombic at 40 K and H = 6 T after a zero field cooled process).
Hence, when the sample is field cooled for H ≥ 4 T, the magnetic moment is initially high (see the inset of Fig. 4 ) since the orthorhombic ferromagnetic phase contributes largely to the observed magnetization but its fraction decreases as H is reduced to zero. Upon, further field cyling from 0 T → −5T → 5T magnetization locks to a value determined by the new phase fraction of orthorhombic/monoclinic phases. Thus, the field cooling is more efficient in reducing the resistivity than the zero field cooling. The absence of Ising spin character and structural variants in lower doped compounds is the most likely the reasons why we fail to observe magnetic field history dependent behaviors for lower x.
In conclusion, resistivity and magnetization of the electron doped compound 
